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ECH system is upgraded after 5th experimental cam-
paign in order to achieve higher power injection and further
optimization of deposition for the purpose of extending high
Te regime. One evacuated waveguide system of 1.25 inch di-
ameter is added to connect powerful CPD 84GHz gyrotron.
One of the non evacuated waveguide systems that had been
connected to this powerful CPD gyrotron is converted to use
for the transmission system for 168 GHz. In total, 4-168
GHz, 2-84GHz and 2-82.7GHz systems are in operational.
The experience indicated that the threshold power of
arcing increases as the purity of the HEll excited in the
waveguide. This purity also affects the total transmission ef-
ficiency. All MOU mirrors are optimized using the phase
retrieval from the measurement output beam from each gy-
rotron. The accuracy of the alignment of the output beam
from MOU to the waveguides is enhanced. Fig. 1 shows the
power lost at MOU and transmission line and that coupled
into LHD normalized by that from gyrotron for each system.
It should be noted that the transmission efficiency for #11
and 12 exceeds 90 %, although the number of miter bends
and total path length are large. Mter this optimization, the
threshold power for the arcing inside the waveguide appre-
ciably increased. Relatively low efficiency for 168 GHz sys-
tems (#1-3,#7) may be due to the sensitivity of the alignment
of the input beam axis to that of waveguide. Low transmis-
sion efficiency for 31.75 mm diameter evacuated waveguides
(#4 and 5) may be attributed to the low purity of the coupled
HEll mode. Since the axis alignment is less critical in the
small diameter waveguide system, further optimization of the
MOU mirrors or adjustment of the position of the waveguide
mouth might be necessary. The power from each gyrotron
is transmitted through a corrugated waveguide system and
injected by a quasi-optical antenna system. Two sets of U
(upper) port antenna consist of two sets of mirrors for 82.7
and 168GHz. Two sets ofL (lower) port antenna are used for
both powerful 84 GHz CPD gyrotron. Two sets of 0 (outer)
port antenna are for 168 GHz. From the beginning of the
6th LHD experimental campaign, these systems are operated
successfully and total injected power is gradually increased
up to 2.1 MW using 8 gyrotrons. At the middle of this cam-
paign, both powerful 84 GHz gyrotrons (# 4 and 5 ) are suf-
fered from troubles next by next. One of them had its heater
short circuited inside the cathode. The other gyrotron could
not be operated at high power due to the insufficient stand
off voltage after hard arcing inside the gyrotron. These tubes
will be repaired before the next experimental campaign.
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Figure 1: Power injected to the LHD and loss at MOU nor-
malized by output measured at the gyrotron window for each
line. Here, #1, 2, 3 and 7 are for 168 GHz, #4,5 are for 84
GHz and #11, 12 for 82.7 GHz.
Gyrotron No. #1 #2 #3 #7 #4 #5 #11 #12
frequency (GHz) 168 168 168 168 84 84 82.7 82.7
manufacturer Toshiba Toshiba Toshiba Toshiba Gycom Gycom Gycom Gycom
type Triode Triode Triode Triode Diode Diode Diode Diode
spec. power (kW) 500 500 500 500 800 800 500 500
pulse width (s) 1 1 1 1 3 3 2 2
waveguide dia.(mm) 88.9 88.9 88.9 88.9 31.75 31.75 88.9 88.9
dry air dry air dry air dry air evacuated evacuated dry air dry air
total length (m) 92 92 78 94 65 72 116 115
No. of Bends 18 21 16 21 10 10 19 15
Antenna position 5.5Uin 9.5Uin 20left 20right 1.5Lout 1.5Lin 5.5Uout 9.5Uout
Table 1: Operated gyrotrons and transmission lines
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